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(57) [Bft] 

OPR^S] IM {ill} ISfiffifcfS 

{111> —Si #*SHi: U *©±l<:8Wf s U y{fc 

u i n tzikmfrz&zmz^ 

imM(D<l 1 0>|S B B B 73rS](cWLT6 0&CDft&?m 




(2) 

1 

s y t y >ftfli*s*«ft 

*?fc:S^T* buIB©«W 3M din tans 

ttz iiiii -s umsjaft^aOx WEcuvft 
m£$¥$ttJit*. {111} aftiifcTfitE 
wtfcuv'ftiasR^wftfiffto iiin m&wfrz 
ftss®#wu io {l 1 1) &M,mtmffi&m-em io 

*S£ft*ft£S#;fc£«.flSfr 5 6 ICR* 

tei&tttf. 1 1 0>«ij|^riSlfc#LT6 0*© 

[H*^2] tuiay ^t«*3R¥Wf*JB©±t«: III- 

p) jg^^u miii -vsft^^wf**^, y 

ftiB*»6«l««n« c t£#ai;-tSff*S l \ctm<D 

y yftii******?. 

*A #Sft©y XMII (boron monopho 
s p h i d e ) jBUfr c i:*#IRi:-r-5ffll*ia 1 

[R*314] ME 'J >ftiK3fi¥»ftJi*, dill 

- s i WSAS&Lhfc: 950 °ax± lioo °c«T©rS 
fifcS^T, W$£)I^#PMfflJ3lcfift (mocvd 

ft) t «fc <3 x 2 0 n miiLk 6 0 n m«T 30 

4: LxBi&tz a tzmmttumm 1 ft<^L 3 ice 
[it*«5] mzv ymm&xmfcM** {111} 

- s i JjUaASttLtlc: 1025 °c«± 1075 °CJ-XT© 

saicK^T, #H&fifn^ivftffiAffi£ (mocvd 

m tfiWMmmft 3 0 n mfiU: 4 0 n m«T 

4: lt«t s c £ swat-r 4 ke«© y y 
6 ] m%m 1 1 3 ice*© y :/ .ftM*** 

jie^t s y >ft«BR*iNW*aBia*»6a* y y<tm 
mmmwmicm^T, mwmm\ mm* u 1 
1} nessifc-ra fi 1 11 -s iiM*^s^ an 

EO'J^fclHSMNWWIlik »«© (1 1 1} 

\c¥ftfcmiLrcv y{mm%¥mms&(D {111} 



ftffl 2003-229599 
2 

3 6fcK¥*£fifltf<, 3S*R©< l l 0>ej&2fiftfcWL 

x 6 oa^fiTf*^fcs B B H tiwffi«rw-r?.i: tmm 
ttzvyitmmm^mitm* 

[0001] 

im&m-t&mswffi iksd #ia 
n (»yay) mtRk\cB&Lit, vyimm&^mfo 
m?%n2>ic$mt%% v yimm^mitm<Dm^m 
ztizmLrcvyimmm^mfomTicm? 

So 

[0 0 0 2] 

[ft#©8ffi] »^T, «!t (B) (P) 

b%m&j&ttLx*tsv y{tmm%¥mfo(D-mx3b 
zvyimm (bp) ^otlt^^^-h cle 
d) gic^tii^— r^^-F (ld) mco^m^ytm 
tt&fS.?&mttMatvz\t*& omtottme, oe 

9, 02 13*38) o tS*©y>fc«**¥»tt»)t* 
0fl*tf. HjPMSH &'J3» fr&ftSKSi: 

tt£ffl^-OS$2ttT^S (±E©*H1#frg56, 0 6 
9, 02 l##jR0 o W&Xli, IvtyK^fv? 

ajMWfi#"£>*w«nTi^a (#112 001-1582 

8 2 3#j$) „ 

[0003] ft*«fc!K ^'Jaylfiitfi, 

*4f ran® tisH©fa B B B ffifrt>fts y y\mm<nm^ 
&Mitosi&* %ct mm lx^&o m x \mwt \ 1 
0 0} mMsmt-rz, {100} -si 3iisns«±tc 
a, ifigffiicWtiiL^ {100} isssft^ft 

r^{*K» (±) J (1 99 2^61525 
*fc> ->'J3>Ifi±tii, M(twinning) 

ft ^ 'J >ftWR*ISftii*<i«*-e fSCtfc 
ftjnri/^ c±eo rimwH£flS (±) j N 9 8H# 
M) 0 -^-ettJRft*^ {100} -';>ftWR#tt 

(±) J , 9 9~ 1 0 0H#ID o 
[0 0 0 4] 

(±E© r^^ftSffi (±) J . l 0 0H«H) . 

t, 2x B B B £#<t)"y yft«BR**»fMi*sifflrntfW 

f L Tf#S «D(± HH t ft -3 T l> 



(3) 

3 

[0 0 0 5] I^SSLTtS'SSCi:^ 
Sfi8¥IW*JI*«ff*S<:4:U:<fc^ #14©ft±L/cU > 

©i*tt©seftfr&fta©-ettft<s ^n^w® oka io 

S) (C. w. rfl^ngs^j (BSft4 5¥6 

1 50, («0 JgJltl^fffllK, 7 5-7 6H» 
[0 0 0 6] 

mm%fflkirztztboy£ffl w*. *%w&, (i) 
g£ cs i) fes^&assfii:, K»«©«®±t 

'J yftlllllM?!^^ 20 
flMB<D£Ktf, 1111} ettffifc-TS 11 

1 1} -s iW^ftt), WsB©U>ft«*^^ 
fMNi, »«© 11 1 1} «ftBt¥fftE5tltfcU> 

ft«BRjR4 £ «M«ea© -ii i n e*ifi*»6a*ieB5* 

SUlollll } S H B a ffii:^ffiftffiT-HSnfc, & 
»«©< l l 0>fifi2ffafc*tl/T6 0jg©£ifiTM^ 

Tf**. 30 

[0007] s ( 2 ) tcia u yftias** 

#fts©±t i i i -v«ifc^BWM*<awanT 
BAtmtsim (Atp) g^*tu ki 1 1 -van 

-r*±aa (i) tEHouvftuxjMMWttR^o 

ft© U VffclR (boron monophosphi 
de) IS*^64«Ck*WISfc-r*±E CD Sfc(i 40 

[00 08] *fc*»9!tt, ( 4 ) ME 'J ><ft«&¥ 
{111} -Si #HSSaSfei:t 9 5 0 °CiX 

±1 1 ooicwT©jajttfi^^T, #»^jsia^»affl 

fiScgS (M 0 C V D ri) J: 0 , ^S5iJS%«^ 2 0 n 
mW±6 0 nm&CF £%WKl£1rZ± 
13 ( 1 ) ft^L (3) taBKOU^ftlURS^Ji**? 

©Mfc^s. (5) Hutsu ^it»i¥ifts«, ii 

11} -Si *eSS*g±t 1 0 2 5 °CW_h 1 0 7 5 °C 
«T©fi«tfi*v>T, WH#S^»MfflJSgr£ (MO 50 
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CVD&) tciO, J*S3(«*S^3 0 nmJJ(±4 0 n 

«©U>ftMJS^^«ftJS?©»jg7jr£c 
[0 0 0 9] Sfc*SSW*4, (6) ±IH (1) ftl/^L 
( 3 ) lcfE*©'J >{fc^3M^Jfr?fr£=S:*58ifc* 

-Y^— Ho T'feSo 

[ooio] *fc*»Wti, (7) a* (S i ) 
^P.^S»S©«B±lc^2nfc, ««©!«#§$ 

fl l 1} KBUmtlrZ Ii l 1!- -s i 

©din %&m\c¥ft\cmiLrzvy{tmm%*m 

WtSSM) {ill} IBi&flSfr&ftSJfiSffifcWU Mo 

{lin is H B B ffii:^ffiftffiTHsn/c, mmvmftM 
ttmyimm%¥mfom$h<Dm£kfo*m-£-£#rz2 

SSlcSJ&B.fltttf, SK©<1 

[0 0 1 1 ] 

{111} eftffi*aiBi:-r«s imp B «« c* 

W»W?fi, {1 1 1} -S i JjMSASti&Ettr 
So ) ±fcff»Cjg*-e*S„ ^-f-VtVF (d i am 

end) is^ B iiig§y© s i ms&<o •: 1 1 1 , i ^nffit 
it, {loot {i io} m^m^^Mcmm 

If^LT^^. fct, {1111 -S iiJMgJi 

^w-r-s {i 1 1} -s i JweaassTssfc, sat 

iEft, fihfrOittO*-?'!'* (Ohmi c) 

A (raQ) J: ( 9M$L<fi:0. 1 inQJ-XT^-T?. 

ffiv^jttstt cast*) ©#«tt¥isasig(±, nB^f&m 
e (3fas, vf) ofii^LEDigtfcs-rtftafr*. 
*w»ttfcflin*fci&aB£Lfeaai*t.fc6 , rLD 

[0 0 12] »SL<ii {ill) -S i»Saffi±ic 

(B) t'Jy CP) fc*«J*7U*i:LT#tfM^.^ B 
» A 1 t G a y I n i- « - d - y Pi- d Asi 1 (0<a 
0 2S/? < K 0 ^ y < K 0<a + ^ + y25K 

0 £ 6 < 1 ) £?Z 0 &1t* B . A 1 G a » 

1 in- . -i - y Pi- i Ni (0<aSS l , 0^j8< K 
0^y<K 0<a + j8+y^K 0^8<D frZm 
fiic'TSo #*{*©'; yftfilS* (boron monop 
hos ph i de : BP) (i, flt^TnJR^ll* ( B) t 



(4) 

5 

y y (?) vzn?h <o , §>7xM&& <o fc«j«7c*tf 4>& 

i/\ W«#R^»^ISfiScfi (MOCV 

D) JSfcgiSJK*«#2 nmW±T*3 0 nm 

WTfcU y>t$0V«7C*fcflWR5©I I I«7C«© 
EOBO0M&±¥ (jfrfH, V/I I IJfc) «1 5W±T?6 

±^MB*»3 e V fcr*7l' F^VF^7^ (wi d 
e bandgap) ^{*£ft£o C©*4Stll:flW 

T> IgftUfc^hTSPSIt (c 1 ad) Bi:LT?OTT^ 

So 

[0 0 13] ^i^SOU^ftiB^m^l*®^, *5§ 

mi? it , wkd v ym&m^mtffi&fr e> ft s g 

«-r**ISJM*©«tt*H l tWSWt^fo ( l l 

i i - s i wauss 1 1 ±co#*ig 9 a B {* 1 3 14 % jhh 
*'jyfb«^w«a a B B ^ inn sssnat^ffift 

{1 1 1} iS 9 B 9 ffltt50ft|«#l 3cO^M4L 20 
T^S„ 1 3<DlSB 13ali, {111} - 

s i#is 9 B B a«« nil} isftaicwtEasnfe 

U y{t«***«ttlSft© {ill) !SAiifr&ft£. 

Sffi 1 3 a i:t±, { 1 1 1 } - s i «sna« 1 1 ©a 

[0 0 14] *^HJ?^SII/I^ 12©fffiiait 
fcf&P<, ±E©*»©Hftiltt©-IWlilft 1 3£tSH 
£HS£ 2 # T«fi!c * tiT^*. #*ISHf* 1 3 

1 6£j>LTSWejl*SLT^S„ 3«fi 
Sfttt, ffiAl 5*#ftS-rcfc*o ^miggftl 3© 30 

ttwt, ss^ftf ;i 1 1} -s i*es«<i 1 o 

>f£ B B B 77rS]{C*fLftfifcLT6 Ofi (° ) ©T^tC^H 
ffi^MiJWt#S-tJrfc¥S B B B f* 1 3**a*-rc£ttfl 

>ftffl*^^^f«SH® 1111} ISHffit^ftffi^ffi-e 
fe*o W^, {111}, (- 1. - 1. - 1. } s 40 
U. -1. 1. } ^<D*SSffi?&So ;Rfiffi 

«, raft*K<omsiH# 1 3 u^asi 

*JMPaM*3B*©Mn^o {ill} BftiBtWi:* 
•1111} l£ B B B ffi£« B B B ffi 1 4WMf B l 5©3g£tc 

Ht), si j^suss t y yitmm^mw^B t 

?5XV-v^{ciaH-rS5 X 5 iy j, (mi s f i t.) fE 
(ill} &Affi£KRffi£-rS3MI 
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%¥mM£&(D {ill} &£fi*JK&S2:?S;Kj|« 
7-^7 hKffiOfi««fi£bTillllWt-*fcSSl^*5W"!? 
[0 0 15] « B B B cD#fe(i:FiJx«\ «^IW/fSffi(cJ; 

(spot) oiritcfcoatis cs assg, re 

i&*?lB*it9*J > 1 9 9 7^1 li!25a, («c) 

ffl^tf Mt^I IK, 111-11 3H#SS) . ifc, 
AI«^M'J>ft«^W*/i©< 1 1 0>|gli,73 

\Hic¥i7tLTmmLtc®mmB±cD< 1 1 o>ea* 

(£, < 1 1 0>mBJjfa£MSi£1fi1t?n8.&9a&£t 
H*t, SMMiSfc* -^SWfWl^RS ( s t 
acking f aul U fclfttCfctftS Ci 
IE© r|SA«7niR«^j ,112 H#JH) o 

[0016] *mnicmt>&mB&£tfW£8<R*m& 

-rs&g^&So {111} iaaffi*3Rftffifr 
5 jRft*^tr u yftias*¥»{«sj6«» 6 * a nnm\i 

<DW6tifctt. M*.li, h'Jx^;l/iS* ( CC 2 H.) > 
B) /*X7^> (PH 3 ) /'?kJR II ■ Sif^Rfc-r 
smffco^^B^imfflfiScfiri (MOCVDS) }c 

lot, «fijaflc*ii!W£:«npLTjgdi"r*o ±iemo 
cvofstfeoT, y xtwigm^f*^ B B B «, # 
(c, msft^y y{mm<D&mM,M*nz>ic<fm%iU&. 

(/MBit, 9 5 0 "CULh 110 0 °CVCf 2 6 icff S L < 
fi 1 0 2 5°C~ 1 0 7 5°C©1BHT'$.S„ JyWL 

(in) *#tfy>ft:«i««iim#iH8fiif©««»c 

ti, <t t) (Sj&Ci^J 9 5 0 °C~^J 1 0 0 0 °C*^UJlT?fe 

So (AD *««7aRi:LT^trU>fl: 

HX$¥«Hfc$!SifM& tt^WtcaiS©^ l o 5 o °c 
~iio o°c*ws§t*So ^ 1 2 o o°c^ii^Siarg 
•pi*, Bp 6 , b.3 \>zm<Dvy<tmm&&m <i %£.L% 
< ft t> , ?M«tt§Sft y yft«^^«*/i*f#s t 

^ftf&tftSo 

[0017] $rc, 3R**rtft-r«*eia**s»*wt 

ffM-rSlc^, J*fl©5tS**|#2 0nm^f.«»6 0 
nm(0«Bi:«Otfa!i:U\ *MftOU^ffcWR 
(BP) tfeoTii, ft^3 0nm~4 0nm©S?g© 
ilSWt^JI-eaBSo 6 0 nm^^K.S5iST-fiicS? 

-To mic j$.mmm*'i^<tzt, wt>, mmnmrn 
co y y{mm%¥mfom%'m ic & & sb# r B i%st-stt 

MtfSi:, «S^fcfiH^T«|J«7a(S©U> (P) 

ftj^Siaati, yy (P) »wcSHf*y> 



(5) 

7 

So 

[0018] i|M8ilH*©fl»fc**ns&fiti, 0>J* 

«\ as© s i ^.Biht^ffiikmmfctz v y\mm. 
i mutm^m^t^m^mio^^btz^xy ^ >y io 

[0 0 19] ^^^1.5X7^7 Ei|fe{u©'>ft^ 

&&&<jymmiz. wm&t s i#f5nt©te^si 20 
/jvs i > u >ftw*3Riimft** t fc 6 -r ts»s*»»-r 

SBltlfol nmWiTSO nm&T> 
MtC«2 nmJiUT 1 5 n m£CFi:1**©#W* 
[0020] JKft^trWiSA^Slll^S^TttaLfc 

2M8&»©£«asfc^ t*f©s i#iaf B s»jj^p>ma 30 

LT*25X7^ M6ffis!M>4<, HSattt«nsiS« 

k4oTv>*„ fct, #3£HJ3©«$frSftsyy<ftti 
sn^o H3t«swfc^r»<, jnnautt© 11 1 

11 tSAififr&&S£]il 7fc3Srr*ffi&<057-» 40 
ft {h k 1} ffilcti, h = k= 1 = 1© (1 1 1) © 
fit {1 1 OK (100) t&ltfi9tf£So cnb 

ihk it isnsowsnf*© {111} mikmmmiz 
j&w-shr (=d) a, ^jfcRHEjWBWiftcyvft* 

jRIMPWttSfttft-aTtt, d (A) =a/ { (h* + 
k'+l 2 )" 2 -sinfl! TM^W. a (a) li 

vyitmm^mm^m(D^=f^T&^, en. u 1 
1} *sn«ffii 7 fc*ftfc3*a-r*ttiRffifc*'a'rftft 
c ) Tfe^o vyitmm (bp) ^ishs© 
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1 n fSUffifctftfcfcSigfS U 10} to&itett? 

ran c%3. 21A) ic— a-ra, a^h© o. 0. 

0. 0. ) m&W%tiffilLtz*rA<yWl£M,m 'Wurt 
zite) (DWCtiVVh. • jyWLMSL (G a<LM 

1 no.« n) ejMraitwr*0!tf±tf&tts. c©«t 
[0021] imm\mfr% u >{t«£¥*ft©$^ 

(iLED«ifST?f?S, LED«0M.(i, pfl? !l 1 

i} -s umshsis^ ss±ic« (B) tu> 
icgb^pjf^jytti (bp) $m&mt. zffigkm 
znmyitmm cbp) ^@Aii2:«iii^^iM«eB 

ytm*mnt%^7>v f c c i ad) ji^l-t^t* 

So KJMttGai I m-x N (O^X^l ) ifiWJUV 
ftSfWJ^A (GaNi-v Pv : 0<Y^1) 9ft* 6 ft 
5#F (we 1 1) W*fl»*fe*-«lr^ti*ao*?tt 
P (Quantum Well) ffififr &1f|j£-f £ £ £ 

fe-ets 0 H^t, ftpgic^-rs^ur (bam 

e r) SaSftT^'^^A • *~'J>>A (A lxG a.-x 
N : 1) a Nh Pz (02Z<K Z< 

n ff$ 'J XM^^ISIIHic n ff^*- 5 «y * (Ohmi 

c) pBs im$£hmmvmmcp 

L E D*«fiKT?*a 0 

[0 0 2 2] Sfe, T>'F- , 7 0 (undope) tFiag 

fit© u 1 1} -s aig±(c« 

(B) tvy (P) i:%#tflM8*©«ll0i*^bTJ« 
gtfc^* (0) i)<ffihaztirzfimi<ov><tmm$te 

&Mt. *BiBWI±»J:«tt*OnJgaft3!f'J'>i» (G a 
N) «^Stt« (fl^ffW) ^LT«x.fc««@5i{* 

'\T-PS£S!©«IM&Sh9>5?X* ( F E 
T) f©i?f/WX^«'-!?t^„ FETti, SttS 

±t^a (schottky) g^a-s©y- h 

(ga t e) WM*. £rcffl&M±lcmSLfznB3y 

2 Z h«©gffi©y- h*S*SEA/"P»lSrr*fflW£:y 
-X (source) Rtf' FWV (drain) 

[0 0 2 3] 

[ftffl] *»w©u y{tmmm*mfo®i$kfrt>%iZM& 

ftt«ft?$x-77f-(i:SB«$X7 1 '7 htefi©± 

[0 0 2 4] 
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[USSffl] WTfc, (111! -Si mM,ms.±.\c2 

&mfrt>%zvy<mm (bp) **«*;fc8ui«i5 
f**^ l e nztmLTcfflm^T, *mnzmmc 

[0025] *mmmic&t>z ledi B(D^mm^m 

L E D 1 B C0$Tffi1fOT£H 5 ICTTsto 

[oo2 6] led i Bmm<Dmmm#.i Att, « 

(B) F-^Tpff^ (1 1 1 ) ffifrS.2' *7 (of 

f ) Lfcffi*#-rs s i $£a«££ loit lt^js 
tfco asi o i±icti, hv^^mm ( (c 2 h 5 > 

iB) /*X7Y> (PH.) /** (Hi) JRffEMO 
CVD?flaO^ 3 5 0°CT\ as-grownUt 
lEARfcitti:^* 'J WfcWjfcfrSfcSltlrJi 102% 

[0027] mmm i o 2 ©gatca, ±e©mo c v 
dmr&&$&&$m\sT, 1 0 5 0°cc2wBA«fr£ 
asp^©ryftii (bp) mi 0 3%iiLfc» $ 

SiififiS^ 4 0 n mfcRjSLfc. pff^'J VftMJM 1 
0 3<D*vV7mmiZ lxio" citi'iU S 
)3B»4 0 0 nintLft. pJBU VflSMIW 1 0 30g 
fi-ffOjIlkiMfltt*/!, 3. 0 e VTtoft. 

[0 0 2 8] a»i!*TffiffiM (T EM) *fOTLfc»r 
BT E MftfcttmilffHJgfr^ P mu 1 

0 3©rt»©e*i(ijs*iP«fLfco seics iimsas 
fii o i ©< i io ^A^fifcTOc*?***^ 
#Tff/cpff^u yitmmm 1 o 3®ni#f/^->©«? 

{fclifftJI 1 0 3*&1-#*BJH* l 0 3 a© { l l l } 

« l ftiBfc**'r*ia»afcai < 1 1 1 >es^ 

lcffit> S i 3U3 A££ loiffl (l l l) Soffit 

0, $&Aft 103ali, Si JWgJUSffi£ffi0< 1 1 

1 >«J&2ftflfc:¥fTfc, U XfcflfljR© fill} SAffi 

j^wsL/tfiAft-eftso^snfc. nit, m 6^0 

SfBBgte^f fcK, SSl 0 l OS i JWSA4X 1 1 1 
>*S a B B 7afo]lcM?iJLfc¥iS H |{* 1 0 3 a©@Sr8££*£ 
^©totLT, jfiRtc {ill} &SAS*;KAffl£ 

■r*3K*ft»6©iasf«£ja2 lfcwftsnfc. cn^o, 
wsaki 0 3aa {1 1 1} m£hm%Mgkmt-r&m 

2 ICOGlS*^ ;KAfifiBP&A<D<l 1 o>|SA^ 

mcNLnmcLT 6 ojt»^fc#aLTt^o^ 

[0029] pjgy yftWRJl 1 o 3»gffit(i, h v 

XnWjyi* ( (CHs) jGa) /hWf;W^' 
( (CH») s I n/7y^7 (NHs ) /Hil&flf 
EMOCVDgti^ 8 5 0°CT*A73A«n^<D^{t 
fU^A-^V^A (Gao. 9 o I no.io N) 

gMn i o 4 &gui Ltco mtm i o 4 (Dmmm i o 



(6) #P42 0 0 3-2 2 9 5 9 9 

10 

nmh Ltco 

[0 0 3 0] Wm 1 0 4 ©SffiXk:^ £*SA*fr£> 
fta7^F~yT?n?g«oy>{tflBRJil 0 5%ans^ 
fco n^yvftflBPWl 0 5ti\ ±tE<DMOCVDSiffl 
l«S#a*WMLT, 1 0 5 0°CT«)lL/to )3!cS«a 
3 0 n mtRSLJt. n ff^J y{t«/l 1 0 5 

tt, ±m<D P Bv yitmmmi 0 3tnmc, bp© 
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3.1n the drawings, any words are not translated. 



CLAIMS _ a 

[Claim(s)] 

[Claim 1] Were formed on the front face of the substrate which consists of a silicon (Si) single crystal, and this 
substrate. In the Lynn-ized boron system semiconductor device equipped with the Lynn-ized boron system 
semi-conductor layer which consists of a Lynn-ized boron system semiconducting crystal which has the same 
crystal face as the crystal face which constitutes the front face of a substrate The aforementioned substrate 
consists of a {1 1 1)— Si single crystal which makes a front face the {111} crystal faces. The aforementioned 
Lynn-ized boron system semi-conductor layer It has the base which consists of the {111} crystal faces of the 
Lynn-ized boron system semiconducting crystal arranged in parallel with the {111} crystal faces of a substrate. 
And it consists of polycrystal layers which were surrounded in respect of being equivalent to the {1 1 1} crystal 
faces and which gathered the single crystal object of the Lynn-ized boron system semiconducting crystal of 
the shape of two or more square spindle. The LynnHzed boron system semiconductor device characterized by 
furthermore having the twin boundary side to which this single crystal object inclined at the include angle of 60 
degrees to the <1 10> crystal orientation of a substrate. 

[Claim 2] The Lynn-ized boron system semiconductor device according to claim 1 characterized by to consist 
of the crystal faces arranged at spacing whose group-III-V-semiconducter layer of this has the different- 
species (hetero) junction in which the laminating of the group-III-V-semiconducter layer was carried out, and 
it was formed on said Lynn-ized boron system semi-conductor layer, and corresponds with the spacing (lattice 
spacing) of the crystal face which intersects the front face of the single crystal object which makes the Lynn- 
ized boron system semi-conductor layer. 

[Claim 3] The Lynn-ized boron system semiconductor device according to claim 1 or 2 characterized by the 
single crystal object of said Lynn-ized boron system semiconducting crystal consisting of a Lynn-ized boron 
(boron monophosphide) crystal of a monomer. 

[Claim 4] The manufacture approach of claim 1 characterized by forming a growth rate for said Lynn-ized 
boron system semi-conductor layer as 20nm [ or more ]/m 60nm or less by organic metal pyrolysis vapor 
growth (MOCVD law) in 950-degree-C or more temperature of 1 100 degrees C or less on a {1 1 1}-Si single 
crystal substrate thru/or the Lynn-ized boron system semiconductor device given in 3. 

[Claim 5] The manufacture approach of the Lynn-ized boron system semiconductor device according to claim 
4 characterized by forming a growth rate for said Lynn-ized boron system semi-conductor layer as 30nm [ or 
more ]/m 40nm or less by organic metal pyrolysis vapor growth (MOCVD law) in 1025-degree-C or more 
temperature of 1075 degrees C or less on a {111 }— Si single crystal substrate. 

[Claim 6] Light emitting diode set to claim 1 thru/or 3 from the Lynn-ized boron system semiconductor device 
of a publication. 

[Claim 7] In the Lynn-ized boron system semi-conductor layer which consists of a Lynn-ized boron system 
semiconducting crystal which was formed on the front face of the substrate which consists of a silicon (Si) 
single crystal, and which has the same crystal face as the crystal face which constitutes the front face of a 
substrate The aforementioned substrate consists of a {1 1 1}-Si single crystal which makes a front face the 
{1 1 1} crystal faces. The aforementioned Lynn-ized boron system semi-conductor layer It has the base which 
consists of the {111} crystal faces of the Lynn-ized boron system semiconducting crystal arranged in parallel 
with the {111} crystal faces of a substrate. And it consists of polycrystal layers which were surrounded in 
respect of being equivalent to the {111} crystal faces and which gathered the single crystal object of the 
Lynn-ized boron system semiconducting crystal of the shape of two or more square spindle. The Lynn-ized 
boron system semi-conductor layer characterized by furthermore having the twin boundary side to which this 
single crystal object inclined at the include angle of 60 degrees to the <1 10> crystal orientation of a ?ubstrate. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the crystal configuration of the Lynn-ized boron system semi- 
conductor layer which becomes suitable to obtain the Lynn-ized boron system semiconductor device formed 
on (Silicon Si) single crystal (silicon) substrate, and the Lynn-ized boron system semiconductor device 
possessing it. 
[0002] 

[Description of the Prior Art] It is in the former and the technique which forms semi-conductor light emitting 
devices, such as light emitting diode (LED) or a laser diode (LD), using the LynnHzed boron (BP) which is a 
kind of the Lynn-ized boron system semi-conductor which contains boron (B) and Lynn (P) as a configuration 
element is found (refer to United States patent No. 6,069,021). The conventional Lynn-ized boron system 
semi-conductor light emitting device is constituted using the laminating structure which contains the Lynn- 
ized boron layer formed on the substrate which consists for example, of a silicon single crystal (silicon) as a 
buffer coat (refer to above-mentioned United States patent No. 6,069,021). Recently, the laminating structure 
of the semi-conductor light emitting device application equipped with the light-emitting part is also invented in 
the pn junction mold duplex hetero structure which uses the Lynn-ized boron layer of a wideband gap as an 
obstruction (clad) layer (refer to application for patent No. 158282 [ 2001 to ]). 

[0003] Conventionally, on a silicon substrate, it has become clear that the single crystal layer of Lynn-ized 
boron which consists of the same crystal face as the crystal face which makes a substrate front face grows. 
For example, it is found that the Lynn-ized boron single crystal layer which consists of the {100} crystal faces 
accumulated in parallel with a substrate front face on the {100}-Si single crystal substrate which makes a front 
face the {100} crystal faces grows (Katsufusa Shono work, "semiconductor technology (above)" (refer to June 
25, 1992, the 9th ** of the University of Tokyo Press issue, and 77 pages).). Moreover, on the silicon 
substrate, it is also found that the LynnHzed boron single crystal layer which does not contain twin crystal 
(twinning) at all can grow (refer to the above-mentioned "the semiconductor technology (above)" and 98 
pages). On the other hand, it is found that the {1 00}-Lynn-ized boron single crystal layer containing twin 
crystal is also obtained (refer to the above-mentioned "the semiconductor technology (above)" and 99 - 100 
pages). 
[0004] 

[Problem(s) to be Solved by the Invention] When the conventional technique indicates, the twin crystal 
contained in the Lynn-ized boron layer is supposed that it has the description which eases the rate of 
mismatching between crystal lattices (refer to the above-mentioned "the semiconductor technology (above)" 
and 100 pages). Therefore, if the Lynn-ized boron system semi-conductor layer containing twin crystal is 
used, it can contribute for obtaining LED which is excellent in a property, for example, luminescence 
reinforcement. However, it is difficult to be stabilized and to obtain the Lynn-ized boron system semi- 
conductor layer containing twin crystal so that the conventional technique may indicate. That is, since the 
requirements for manufacturing conventionally the Lynn-ized boron system semi-conductor layer which is 
stabilized and contains twin crystal are not **, trouble has been caused to it being stabilized and gaining the 
light emitting device which is excellent in the reinforcement of luminescence. 

[0005] This invention aims at offering the Lynn-ized boron system semi-conductor layer which consists of a 
crystal configuration in which it can be stabilized and twin crystal can be included. Moreover, in this invention, 
the LynnHzed boron system semiconductor device whose property improved is offered by having the Lynn- 
ized boron system semi-conductor layer of the polycrystal which is stabilized and contains the twin crystal 
which makes specific crystal orientation a twin plane. The Lynn-ized boron system semi-conductor layer 
which consists of the crystal structure made into the purpose of this invention here is a twin boundary side 
(twin plane) (C. it is the Lynn-ized boron system semi-conductor layer which consists of polycrystal which 
makes W. van work and the single crystal object which is different in the crystal orientation of "chemical 
crystallography" (refer to June 15, Showa 45, Baifukan Issue First edition, and 75-76 pages) come to gather.) 
rather than consists of a single crystal of the shape of conventional film. 
[0006] 

[Means for Solving the Problem] Namely, this invention was formed on the front face of the substrate which 
consists of a (1) silicon (Si) single crystal, and this substrate. In the Lynn-ized boron system semiconductor 
device equipped with the LynnHzed boron system semi-conductor layer which consists of a Lynn-ized boron 
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system semiconducting crystal which has the same crystal face as the crystal face which constitutes the front 
face of a substrate The aforementioned substrate consists of a {1 1 1}-Si single crystal which makes a front 
face the {111} crystal faces. The aforementioned LynnHzed boron system semi-conductor layer It has the 
base which consists of the {111} crystal faces of the LynnHzed boron system semiconducting crystal arranged 
in parallel with the {1 1 1} crystal faces of a substrate. And it consists of polycrystal layers which were 
surrounded in respect of being equivalent to the {111} crystal faces and which gathered the single crystal 
object of the LynnHzed boron system semiconducting crystal of the shape of two or more square spindle. The 
LynnHzed boron system semiconductor device characterized by furthermore having the twin boundary side to 
which this single crystal object inclined at the include angle of 60 degrees to the <1 10> crystal orientation of a 
substrate. It comes out. 

[0007] moreover, this invention — (2) — a LynnHzed boron system semiconductor device given in the above 
(1) characterized by to consist of the crystal faces which arranged at spacing whose group-HI-V- 
semiconducter layer of this has the different-species (hetero) junction in which the laminating of the group-III- 
V-semiconducter layer was carried out, and it was formed on said LynnHzed boron system semi-conductor 
layer, and corresponds with the spacing (a lattice spacing) of the crystal face which intersects the front face 
of the single crystal object which makes the LynnHzed boron system semi-conductor layer. (3) The above (1) 
characterized by the single crystal object of said LynnHzed boron system semiconducting crystal consisting of 
a Lynn-ized boron (boron monophosphide) crystal of a monomer, or the LynnHzed boron system 
semiconductor device given in (2). 

[0008] moreover, this invention — (4) — the manufacture approach of the Lynn-ized boron system 
semiconductor device the above (1) characterized by forming a growth rate for said LynnHzed boron system 
semi-conductor layer as 20nm [ or more ]/m 60nm or less by organic metal pyrolysis vapor growth (MOCVD 
law) in 950-degree-C or more temperature of 1 100 degrees C or less on a {1 1 1}-Si single crystal substrate 
thru/or given in (3). (5) The manufacture approach of the Lynn-ized boron system semiconductor device given 
in the above (4) characterized by forming a growth rate for said LynnHzed boron system semi-conductor layer 
as 30nm [ or more ]/m 40nm or less by organic metal pyrolysis vapor growth (MOCVD law) in 1025-degree-C 
or more temperature of 1075 degrees C or less on a {1 1 1}— Si single crystal substrate. It comes out. 
[0009] Moreover, this invention is light emitting diode set to (6) above (1) thru/or (3) from the Lynn-ized 
boron system semiconductor device of a publication. It comes out. 

[0010] Moreover, this invention was formed on the front face of the substrate which consists of a (7) silicon 
(Si) single crystal. In the Lynn-ized boron system semi-conductor layer which consists of a Lynn-ized boron 
system semiconducting crystal which has the same crystal face as the crystal face which constitutes the front 
face of a substrate The aforementioned substrate consists of a {111 }— Si single crystal which makes a front 
face the {111} crystal faces. The aforementioned Lynn-ized boron system semi-conductor layer It has the 
base which consists of the {111} crystal faces of the Lynn-ized boron system semiconducting crystal arranged 
in parallel with the {111} crystal faces of a substrate. And it consists of polycrystal layers which were 
surrounded in respect of being equivalent to the {111} crystal faces and which gathered the single crystal 
object of the Lynn-ized boron system semiconducting crystal of the shape of two or more square spindle. The 
Lynn-ized boron system semi-conductor layer characterized by furthermore having the twin boundary side to 
which this single crystal object inclined at the include angle of 60 degrees to the <1 10> crystal orientation of a 
substrate. It comes out. 
[0011] 

[Embodiment of the Invention] In this invention, the Lynn-ized boron system semi-conductor layer can be 
formed suitably on Si single crystal substrate (this specification indicates a {111}-Si single crystal substrate.) 
which uses the {1 11} crystal faces as a front face. The silicon atom exists in the {1 1 1} crystal faces of Si single 
crystal of a diamond (diamond) crystal structure mold more densely than {100} or the {110} crystal faces. 
Therefore, in a {111 }— Si single crystal substrate, there is an advantage which can control diffusion inside [ of 
the configuration element of the Lynn-ized boron system semi-conductor layer deposited on it ] a substrate 
and osmosis, and effect is taken in constituting a clear junction interface. The rear-face electrode of 
positive/negative and which polar ohmic (Ohmic) nature electrode is carried out to a rear face, and they can 
be laid at it, for example, effectiveness can be raised in the {11 1} — Si single crystal substrate which has 
conductivity for constituting a light emitting device simple again. The low conductive single crystal substrate of 
specific resistance (resistivity) which makes resistivity especially more desirably less than [ O.lmohm ] 
contributes for bringing about LED with low forward voltage (the so-called Vf) below 1 milli ohm (mohms). 
Moreover, it becomes effective in constituting LD which brings about the oscillation stabilized since it excelled 
in heat dissipation nature. 

[0012] Let the Lynn-ized boron system semi-conductor layer of the polycrystal layer which carries out a 
laminating on a {111 }— Si substrate front face preferably be for example, the BalphaaluminumbetaGagammalnl- 
alpha-beta-gamma P1-deltaAsdelta layer (0< alpha<=1, 0<=beta<1, 0<=gamma<1, 0< alpha+beta+gamma <=1, 
0<=delta<1) which contains boron (B) and Lynn (P) as a configuration element. Moreover, for example, it 
constitutes from BalphaaluminumbetaGagammalnl -alpha-beta-gamma P1-deltaNdelta (0< alpha<=1, 
0<=beta<1, 0<=gamma<1, 0< alpha+beta+gamma <=1, 0<=delta<1). A configuration element is boron (B) and 
Lynn (P), and especially since the LynnHzed boron (boron monophosphideiBP) of a monomer has the 
advantage that there are few configuration elements than plural mixed crystal, and membrane formation is 
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easy, it is desirable. Moreover, the LynnHzed boron which depended on the organic metal pyrolysis vapor 
growth (MOCVD) means, set the growth rate to 30nm or less at 2nm [ or more ]/m, for example, and grew the 
supply ratio (the so-called V/III ratio) of the raw material of V group elements, such as Lynn, and III group 
elements, such as boron, as 60 or less range or more by 15 serves as a wideband gap (wide bandgap) semi- 
conductor which sets the band gap in a room temperature to about 3eV. The large Lynn-ized boron semi- 
conductor layer of such a band gap is in a light emitting device, and can be used as an obstruction (clad) layer 
to a luminous layer. 

[0013] The Lynn-ized boron system semi-conductor layer of a polycrystal layer gathers the single crystal 
object which consists of two or more Lynn-ized boron system semiconducting crystals, and constitutes it from 
this invention. The configuration of the single crystal object which constitutes the polycrystal layer concerning 
this invention is typically shown in drawing 1 . Each single crystal object 13 on the {111}-Si single crystal 
substrate 11 is making the appearance of square cone 13c which makes the crowning of forward square 
pyramid-of-medulla-oblongata 13b which makes a perimeter a field equivalent to the (1 1 1] crystal faces of the 
Lynn-ized boron system semiconducting crystal, or a forward square pyramid of medulla oblongata the {111} 
crystal faces. Base 13a of each single crystal object 13 consists of the {111} crystal faces of the Lynn-ized 
boron system semiconducting crystal arranged in parallel with the {111} crystal faces of a {111}-Si single 
crystal substrate. Base 13a is the crystal face grounded on the front face of the {111}-Si single crystal 
substrate 1 1 . 

[0014] As shown in the mimetic diagram of drawing 2 , the polycrystal layer of this invention combines the 
single crystal object 13 of two or more shape of an above square drill mutually, and is constituted. Each single 
crystal object 13 of each other is connected through a plane of composition 16. Twin crystal 15 is made to 
have existed in the interior of each single crystal object 13. Since the direction where the twin plane 14 
included inside each single crystal object 13 exists is not uniformly fixed, the LynnHzed boron system semi- 
conductor layer which consists of each single crystal objects 13 which contain twin crystal in such different 
crystal orientation has been called the polycrystal layer by this invention. The single crystal object 13 in which 
it was made the include angle to the <110> crystal orientation of a {111 }— Si single crystal which makes a 
substrate, and the twin plane was regularly included in the direction of 60 degrees (degree) is gathered, and a 
polycrystal layer consists of especially this inventions. Specifically, the twin plane as used in the field of here 
is a field equivalent to the {111} crystal faces of the Lynn-ized boron system semiconducting crystal. Namely, 
{111} {-1-1-1.} {1. They are the crystal faces, such as -1.1.}. Moreover, it is the description that a twin plane 
is parallel to which the {111} crystal faces of the Lynn-ized boron system semiconducting crystal which 
constitutes the perimeter of the square spindleHike single crystal object 13. It is based on generating of the 
twin crystal 15 which makes the {111} crystal faces of the Lynn-ized boron system semiconducting crystal a 
twin plane 14, and generating of the mistake mitt (misfit) rearrangement resulting from the lattice mismatch of 
Si single crystal substrate and the Lynn-ized boron system semiconducting crystal and propagation can be 
controlled effectively. In the Lynn-ized boron system semiconducting crystal, the twin crystal which makes the 
{111} crystal faces a twin plane is stabilized as compared with the twin crystal which makes other crystal faces 
a twin plane, and can be formed easily. Therefore, effect can be demonstrated for it to be stabilized and 
control propagation of a misfit rearrangement, if the single crystal object containing the twin crystal which 
makes a twin plane the {111} crystal faces of the Lynn-ized boron system semiconducting crystal is gathered 
and a polycrystal layer is constituted. 

[0015] Existence of twin crystal is found from the existence of the abnormality diffraction mottle (spot) on the 
electron diffraction graphic form (pattern) picturized by for example, electron diffraction technique (refer to 

******, "crystal electron microscope study", November 25, 1997, the 1st Edition of Uchida Rokakuho 
Publishing Issue, and 111 - 113 pages). Moreover, if the include angle of the <110> crystal orientation on the 
diffraction pattern which picturized the incidence electron ray as parallel to the <110> crystal orientation of 
the Lynn-ized boron system semi-conductor layer, and the diffraction mottle resulting from twin crystal to 
make is measured, the include angle which <110> crystal orientation and twin crystal make can be known. 
Incidentally, it can also be considered that twin crystal is a kind of stacking fault (stacking fault) again (refer to 
the above-mentioned "crystal electron microscope study" and 112 pages). 

[0016] In order to obtain the polycrystal layer which gathered the single crystal object containing the twin 
crystal concerning this invention, it is necessary to control the conditions at the time of membrane formation 
to a precision. Especially the single crystal object of the shape of a square spindle which consists of a Lynn- 
ized boron system semiconducting crystal containing the twin crystal which makes the {111} crystal faces a 
twin plane controls and forms growth temperature in a precision by the organic metal pyrolysis vapor growth 
(MOCVD law) of the ordinary pressure which makes for example, boron triethyl (C2H5) (3B) / phosphine 
(PH3) / hydrogen (H2) a raw material system. It is in the above-mentioned MOCVD means, and the range of 
the Lynn-ized boron system semi-conductor polycrystal layer and especially the range of 950 degrees C or 
more 1100 degrees C or less of suitable temperature to obtain the polycrystal layer of the Lynn-ized boron of 
a monomer is 1025 degrees C - 1075 degrees C still more preferably. About 950 degrees C - about 1000 
degrees C of low temperature are more suitable for formation of the Lynn-ized boron system semi-conductor 
polycrystal layer containing an indium (In). About 1050 degrees C - hot 1 100 degrees C are suitable for the 
Lynn-ized boron system semi-conductor polycrystal layer which contains aluminum (aluminum) as a 
configuration element in comparison. At the elevated temperature exceeding about 1200 degrees C, it 
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becomes easy to generate the Lynn-ized boron polymer of BP6 and B13P2 grade, and becomes inconvenient 
for obtaining the Lynn-ized boron system semi-conductor layer homogeneous in presentation. 
[0017] Moreover, in order to form efficiently the single crystal object which is inherent in twin crystal, it is 
desirable to make the rate of growth into the range of 20 to 60nm/m. [/m ] If it is in the Lynn-ized boron (BP) 
of a monomer, especially a rate with a growth of 30nm/m - 40nm is suitable. It produces un-arranging [ which 
the consistency of other crystal defects, such as a point defect and a rearrangement, increases to the single 
crystal object grown up at the rate exceeding 60nm rapidly in addition to a lot of twin crystal (stacking fault) ], 
and difficulty is caused to obtaining the polycrystal layer which is excellent in crystallinity. On the contrary, if 
a growth rate is made small (i.e., if it is the situation of requiring long duration more for obtaining the Lynn- 
ized boron system semi-conductor layer of desired thickness), the opportunity for Lynn (P) of a configuration 
element to vaporize at the time of growth will increase. For this reason, the imbalance of the chemical 
equivalent ratio between evaporation of Lynn (P) and the configuration element of the Lynn-ized boron system 
semi-conductor layer resulting from vaporization generates the small growth rate of the following rapidly by 
20nm/. Since the point defect is included in the Lynn-ized boron system compound semiconductor layer of a 
presentation out of balance to stoichiometric so much, for considering as the polycrystal layer concerning this 
invention, it is unsuitable. 

[0018] The twin crystal contained inside a single crystal object has the operation which controls propagation 
of the misfit rearrangement which originates in the lattice mismatch of Si single crystal of a substrate, and the 
Lynn-ized boron system semi-conductor which constitutes a single crystal object, and is generated. For 
example, the misfit rearrangement generated from the junction interface of Si substrate and a single crystal 
object is absorbed with the twin crystal in the interior of a single crystal object, and has the operation which 
controls the propagation to the upper part. It depends on this and the consistency of the penetration 
rearrangement penetrated until it reaches the upper part of a single crystal object is reduced. 
[0019] Moreover, in order to acquire a single crystal object with few misfit rearrangements primarily, a 
technical means to prepare a buffer coat in the middle of Si single crystal substrate and the Lynn-ized boron 
system semi-conductor layer also becomes effective. It is suitable for a buffer coat to constitute from a 
Lynn-ized boron system compound semiconductor layer of an amorphous substance or polycrystal. The buffer 
coat of an amorphous substance or polycrystal eases stacking fault affinity with Si single crystal which forms a 
substrate, and demonstrates effectiveness to bring about the Lynn-ized boron system semi-conductor layer 
with small crystal defect consistencies, such as a misfit rearrangement. Moreover, if a buffer coat is especially 
constituted from a Lynn-ized boron system semi-conductor, boron and Lynn will take effect to form the 
Lynn-ized boron system semi-conductor layer which has a continuity on it in order to act as a "growth 
nucleus" which promotes growth. When it constitutes a buffer coat from Lynn-ized boron, as for thickness, it 
is desirable that it is referred to as 50nm or less by about 1 nm or more, and it refers to to 15nm or less by 2 
morenm or more. 

[0020] The surface section of the polycrystal layer which the single crystal object containing twin crystal was 
gathered, and constituted it has few mistake FITO rearrangements penetrated from downward Si single crystal 
substrate side, and it has become the field which is excellent in crystallinity. Therefore, the deposit which is 
excellent in crystallinity can be grown up on the Lynn-ized boron system semi-conductor polycrystal layer 
which consists of a configuration of this invention. If it is the crystal layer which consists of the crystal faces 
which arranged the deposit especially at the same spacing as the spacing (lattice spacing) of the crystal lattice 
which intersects the front face of the single crystal object of the Lynn-ized boron system semi-conductor 
which makes the front face of a polycrystal layer, effectiveness can be raised for obtaining the crystal layer 
which is excellent in crystallinity with few misfit rearrangements. As typically shown in drawing 3 t the h=k=l= 
1110} and (100} crystal face etc. is located in the Miller-indices {hkl} side of a low degree which intersects the 
front face 17 which consists of the {1 1 1} crystal faces of a single crystal object. [ besides {1 1 1} of 1 ] If 
spacing (=d) in the {111} crystal-face front face of the single crystal object of these {hkl} crystal faces is in the 
Lynn-ized boron system semiconducting crystal of a cubic sphalerite crystal, it is given by d(A) =a/{(h2+k2+l2) 
1/2, andsintheta}. a (A) is the lattice constant of the Lynn-ized boron system semiconducting crystal, and 
theta is an include angle (degree) which the crystal face which intersects the {111} crystal front face 17 and it 
makes. For example, the example which deposits the gallium nitride indium mixed-crystal (Ga0.94In0.06N) 
crystal layer of the wurtzite crystal mold (Wurtzite) which arranged the {1 10} crystal faces which intersect the 
{111} crystal faces and the right angle of BP single crystal object 13 which constitutes the front face, and the 
hexagonal (1.0.0.0.) crystal face which is in agreement with a lattice spacing (**3.21A) is raised on the front 
face of a Lynn-ized boron (BP) polycrystal layer. The crystal layer which is excellent in such crystallinity is in 
a light emitting device, and can be suitably used as a luminous layer which brings about luminescence of high 
intensity. 

[0021] If the polycrystal layer of the Lynn-ized boron system semi-conductor concerning this invention is 
used, LED can be constituted as a Lynn-ized boron system semiconductor device. LED can be constituted 
based on the laminating structure equipped with for example, the p form {1 1 1 }— Si single crystal substrate, the 
p form Lynn-ized boron (BP) polycrystal layer concerning this invention which grew through the amorphous 
buffer coat containing boron (B) and Lynn (P) on the substrate, n form luminous layer on a polycrystal layer, 
and the n form Lynn-ized boron (BP) polycrystal layer concerning this invention grown up on the luminous 
layer. The polycrystal layer which consists of single crystal objects of the Lynn-ized boron which sets the 
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band gap in a room temperature to about 3eV can be used as a clad (clad) layer which pinches a luminous 
layer. A luminous layer can also consist of singles or multiplex quantum well (Quantum Well) structures 
equipped with the well (well) layer which consists of GaXIn1-XN (0<=X<=1) or Lynn-ized gallium nitride (GaN1- 
YPY:0<Y<=1). Incidentally, the barrier (barrier) layer to a well layer can consist of an alumimium nitride gallium 
(AIXGa1-XN:0 <=X<=1), GaN1-ZPZ (0<=Z<1, Z<Y), etc. n form ohmic (Ohmic) electrode is prepared in n form 
Lynn-ized boron polycrystal layer which makes the surface of the above-mentioned laminating structure, and 
p form ohmic electrode is arranged at the rear face of a p form Si single crystal substrate, and LED of pn 
junction mold hetero structure can be constituted. 

[0022] Moreover, the {111)-Si single crystal substrate of the high resistance in undoping (undope), The Lynn- 
ized boron polycrystal layer of high resistance by which the oxygen (O) which grew through the buffer coat of 
the polycrystal containing boron (B) and Lynn (P) on the substrate was added, Electron devices, such as a 
field-effect transistor (FET) of a heterojunction mold, can consist of the laminating structures equipped with n 
form gallium nitride (GaN) layer of a high grade as a barrier layer (electronic transit layer) on the polycrystal 
layer. FET — a barrier layer top — the gate (gate) electrode of a shot key (Schottky) assembling die — 
moreover, in the location which counters on both sides of the gate electrode of the front face of n form 
contact layer which carried out the laminating on a barrier layer, the source (source) and a drain (drain) ohmic 
electrode are prepared, respectively, and are constituted. 
[0023] 

[Function] The single crystal object containing the twin crystal which consists of a Lynn-ized boron system 
semiconducting crystal of this invention has the operation which controls the propagation to the upper part of 
the misfit rearrangement resulting from the lattice mismatch of Si single crystal substrate and the Lynn-ized 
boron system semi-conductor. 
[0024] 

[Example] Below, this invention is concretely explained using the example which produced LED from the 
laminating structure equipped with the Lynn-ized boron (BP) layer which consists of a polycrystal layer on the 
{111 }— Si single crystal substrate. 

[0025] The mimetic diagram of LED1B concerning this example is shown in drawing 4 . Moreover, the cross 
section of LED1B in alignment with broken-line X-X' shown in drawing 4 is shown in drawing 5 . 
[0026] Laminating structure 1A of an LED1B application constituted Si single crystal which has the field which 
carried out 2-degree OFF (off) from the field (111) of p form from a boron (B) dope as a substrate 101. a 
substrate 101 top — boron triethyl (C2H5) (3B) / phosphine (PH3) / hydrogen (H2) system ordinary pressure 
MOCVD — the buffer coat 102 which consists of Lynn-ized boron which makes an amorphous substance a 
subject in the state of as-grown at 350 degrees C by law was deposited. The thickness of a buffer coat 102 
could be about 10nm. 

[0027] The laminating of the Lynn-ized boron (BP) layer 103 of p form which consists of a polycrystal layer at 
1050 degrees C was carried out to the front face of a buffer coat 102 using the above-mentioned MOCVD 
vapor growth means. The growth rate was set as 40nm/m. Carrier concentration of p form Lynn-ized boron 
layer 103 was set to 1x1019cm-3, and thickness could be about 400nm. The band gap in the room temperature 
of p form Lynn-ized boron layer 103 was 3.0eV about. 

[0028] From the cross-section TEM image using a transmission electron microscope (TEM), and the electron 
diffraction graphic form, the crystal structure inside p form Lynn-ized boron layer 103 was analyzed. The copy 
Fig. of the diffraction pattern of p form Lynn-ized boron layer 103 which was made to carry out incidence of 
the electron ray to drawing 6 in parallel with the <110> crystal orientation of Si single crystal substrate 101, 
and was obtained is shown, drawing 6 — being shown — as — polycrystal — a layer — from — becoming — 

p — a form — Lynn izing — boron — a layer — 1 03 — making — each — a single crystal — the body — 

103 — a — { — 1 1 1 — } — the crystal face — originating — a diffraction mottle — 19 — < — 111 — > — 
crystal orientation — parallel — Si — a single crystal — a substrate — 101 — the crystal face (111) — 
originating — a diffraction mottle — 20 — adjoining — being located — **** . From this, it was shown that 
single crystal object 103a is the crystalline which the {111} crystal faces of Lynn-ized boron accumulated in 
parallel with the <1 1 1> crystal orientation of Si single crystal substrate front face. Moreover, as shown in the 
diffraction pattern of drawing 6 , the diffraction mottle 21 from the twin crystal which makes the {111} crystal 
faces a twin plane in the neighborhood was also checked considering the diffraction mottle of single crystal 
object 103a which aligned at the <11 1> crystal orientation of Si single crystal of a substrate 101 as a core of 
point symmetry. From this, when single crystal object 103a contained the twin crystal which makes the (111} 
crystal faces a twin plane, it was checked. From the location of the diffraction mottle 21 resulting from twin 
crystal, making a twin plane into an include angle to the <1 10> crystal orientation of BP crystal, and existing in 
the direction of 60 degrees was shown. 

[0029] the front face of p form Lynn-ized boron layer 103 — trimethylgallium (CH3) (3 Ga)/tri methyl indium 
(CH3) (3In / ammonia (NH3) / H-2 system ordinary pressure MOCVD — by law, the laminating of the luminous 
layer 104 which consists of a gallium nitride indium (GaO.90InO.10N) of hexagonal n form at 850 degrees C was 
carried out.) The thickness of a luminous layer 104 could be about 10nm. 

[0030] On the front face of a luminous layer 104, the laminating of the Lynn-ized boron layer 105 of n form 
was carried out by undoping which consists of a polycrystal layer. The laminating of the n form Lynn-ized 
boron layer 105 was carried out at 1050 degrees C using the above-mentioned MOCVD vapor growth means. 
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The growth rate was set as 30nm/m. n form LynrHzed boron layer 105 became what consists of the 
aggregates of single crystal object 105a of the shape of a regular tetrahedron which consists of the crystal 
face (11 1) of BP like the above-mentioned p form Lynn-ized boron layer 103. Carrier concentration of n form 
Lynn-ized boron layer was set to 8x1018cm-3, and thickness could be about 300nm. The band gap in the room 
temperature of n form Lynn-ized boron layer 105 was 3.0eV about. 

[0031] From the electron diffraction graphic form, the {111} crystal faces of each single crystal object 105a 
which makes n form Lynn-ized boron layer 105 were arranged in parallel with the <111> crystal orientation of 
the (111)-Si single crystal substrate 101. Moreover, inside single crystal object 105a, existence of the twin 
crystal which makes the {111} crystal faces of BP crystal a twin plane was checked. The twin plane was made 
into the include angle to the <1 10> crystal orientation of BP crystal, and existed in the direction of 60 
degrees. 

[0032] The light-emitting part 106 of pn junction mold double hetero (DH) structure consisted of p form Lynn- 
ized boron layer 103 and n form Lynn-ized boron layer 105 which set a room temperature band gap to about 
3.0eV, and a luminous layer 104 which becomes it from the ingredient which has the same lattice spacing. 
[0033] In the center section of the front face of n form Lynn-ized boron layer 105, circular n form ohmic 
electrode 107 which serves as a plinth electrode has been arranged, n form ohmic electrode 107 constituted 
the vacuum deposition film of golden (Au) and (Germanium germanium) alloy / (nickel nickel) / gold from 
multilayer structure which carried out multistory. The diameter of n form ohmic electrode 107 was set to 
about 120 micrometers. Moreover, all over the abbreviation for the rear face of Si single crystal substrate 101 
of p form, p form ohmic electrode 108 has been arranged and LED1B was constituted. The ohmic electrode 
108 of p form consisted of (Aluminum aluminum) vacuum deposition film. Si single crystal substrate 101 was 
cut out in the direction parallel to the [211] directions, and perpendicular, and it was referred to as LED1B of 
the square which sets one side to about 300 micrometers. 

[0034] After connecting a golden (Au) line to n form ohmic electrode 107, conduction of the operating current 
of 20mA (mA) was carried out in the forward direction between n form ohmic electrode 107 and p form ohmic 
electrode 108, and the luminescence property was investigated. Emission center wavelength was set to about 
420nm. The half-value width (FWHM) of an emission spectrum was set to 32nm. It writes as the configuration 
which forms a luminous layer 104 in this invention by using p form Lynn-ized boron layer 103 with the low 
consistency of a misfit rearrangement as a substrate layer. A dark line nonluminescent to a luminescence field 
(dark line) (Yonezu, the Hiroo work, and "optical-communication component engineering-luminescence and a 
photo detector" (refer to May 20, Heisei 7, the 5th edition of the Kougaskutosho Co. issue, and 155-156 
pages) were not checked by looking, but luminescence of reinforcement with an equal abbreviation was 
brought about from the whole surface of a luminescence field.) For this reason, the brightness in the chip 
(chip) condition measured using a common integrating sphere serves as a 8mm candela (mcd), and LED of high 
luminescence reinforcement will be offered. Moreover, generating of the local poor proof pressure 
(localbreakdown) based on the effect of a rearrangement was not accepted in the current-electrical-potential- 
difference (I-V) property of LED1B, but it was shown in it from the configuration of this invention that the 
light-emitting part 106 of the pn junction mold which presents a good pn junction property (rectifying action) is 
brought about. LED which the forward voltage (the so-called Vf) for which it asked from the I-V property is 
3.6V (forward current = 20mA), and reverse voltage is 6V (reverse current =10microA), and is high pressure- 
proofing was offered. 
[0035] 

[Effect of the Invention] A misfit rearrangement is absorbed for the Lynn-ized boron system semi-conductor 
layer which prepares a front face on Si single crystal substrate made into the {1 1 1}-crystal face in this 
invention. Since it constitutes from a polycrystal layer which gathered the single crystal object containing the 
twin crystal which can control propagation of a rearrangement The Lynn-ized boron system semi-conductor 
layer which is excellent in crystallinity with little dislocation density can be constituted, and if this is used, it is 
effective in the ability to offer the Lynn-ized boron system semi-conductor light emitting device which is 
excellent in the LynnHzed boron system semiconductor device which is excellent in a property, for example, 
luminescence reinforcement, a rectifying action, and pressure resistance. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the configuration of the single crystal object which constitutes 
the polycrystal layer concerning this invention. 

[Drawing 2] It is the mimetic diagram showing the configuration of the polycrystal layer concerning this 
invention. 

[Drawing 3] It is a mimetic diagram showing the crystal face which intersects the {111} crystal faces of the 

Lynn-ized boron system semi-conductor layer concerning this invention. 

[Drawing 4] It is the mimetic diagram of LED concerning the example of this invention. 

[Drawing 5] It is the cross section of LED in alignment with broken-line X-X' of drawing 3 . 

[Drawing 6] It is the copy Fig. of the electron diffraction pattern of the Lynn-ized boron layer concerning the 

example of this invention. 

[Description of Notations] 

1A Laminating structure 

1B LED 

11 Si Single Crystal Substrate 

12 Lynn-ized Boron System Semi-conductor Polycrystal Layer 

13 Single Crystal Object 

13a The base of a single crystal object 

14 Twin Plane 

15 Twin Crystal 

16 Plane of Composition of Single Crystal Object 

17 {111) Crystal Faces of Single Crystal Object 

18 {Hkl} Side 

19 Diffraction Spot of Lynn-ized Boron Single Crystal Object 

20 Diffraction Spot of Si Single Crystal Substrate 

21 Diffraction Spot of Twin Crystal 

101 Si Single Crystal Substrate 

102 Buffer Coat 

103 P Form Lynn-ized Boron Layer 
103a Single crystal object 

104 Luminous Layer 

105 N Form Lynn-ized Boron Layer 
105a Single crystal object 

106 Light-emitting Part 

107 N Form Ohmic Electrode 

108 P Form Ohmic Electrode 
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